The purpose of this study was to compare ramosetron (RAM), aprepitant (APR), and dexamethasone (DEX) [RAD] with palonosetron (PAL), APR, and DEX [PAD] in controlling highly-emetogenic chemotherapy (HEC)-induced nausea and vomiting.
Introduction
Chemotherapy-induced nausea and vomiting (CINV) has been reported as the fifth most feared symptom in cancer patients receiving systemic cytotoxic chemotherapy [1, 2] .
Overwhelming evidence shows that CINV, when not adequately controlled, degrades the quality of life (QOL) of cancer patients. Although CINV is feared by cancer patients receiving highly-emetogenic chemotherapy (HEC), it can be controlled [2, 3] .
Based on phase III study data, the triple-drug combination of ondansetron (OND), dexamethasone (DEX), and aprepitant (APR) was regarded as the standard antiemetic regimen for cancer patients receiving HEC [4] . Palonosetron (PAL) has a longer half-life and stronger 5HT3 receptor binding affinity than other 5HT3 receptor antagonists (5HT3RAs), including OND, granisetron (GRA), and dolasetron (DOL) [5] . Moreover, PAL alone or in combination with DEX exhibited better antiemetic activity than GRA or DOL combined with DEX for the control of acute and delayed CINV in patients receiving moderately-emetogenic chemotherapy (MEC) [6, 7] . National comprehensive cancer network guidelines currently recommend the combination of PAL, APR, and DEX (PAD) as a standard regimen for controlling HEC-induced CINV in cancer patients [8] . However, there are no direct head-to-head comparisons of PAD vs. other 5HT3RAs.
Ramosetron (RAM), a 5HT3RA with a prolonged half-life and increased receptor binding affinity compared to OND or GRA [9] , has been used widely for CINV prevention in Asia. The antiemetic activity of RAM was shown to be similar to that of PAL for controlling MECinduced CINV [10] .
The purpose of this phase IV study was to show the non-inferiority of the combination of RAM, APR, and DEX (RAD) compared to PAD in controlling HEC-induced CINV. Korean Cancer Association This article is protected by copyright. All rights reserved.
Materials and Methods

Study design
This prospective, multicenter, single-blind, randomized phase IV clinical trial was conducted in 10 institutions. Patients were randomly assigned to RAD or PAD (1:1 ratio). The study was conducted under single-blind conditions, with participants not being aware of their assignment group. medical conditions and procedures that could affect nausea or vomiting (a complete list of eligibility criteria is provided in the S1 Table) .
Study treatment
APR (125 mg orally, 1 hour prior to chemotherapy, D1; 80 mg orally, D2-3) and DEX (12 mg, orally or intravenously, 30 min prior to chemotherapy, D1; 8 mg, orally, D2-4) were administered in both arms. The RAM and PAL arms received RAM (0.3 mg, D1) or PAL (0.25 mg, D1) intravenously 30 minutes before chemotherapy. Rescue antiemetics for severe nausea/vomiting were administered at the request of the patient or upon recommendation by the attending physicians at any time during the study period.
Study endpoints
The primary endpoint was overall complete response (CR), defined as no vomiting, including retching, and no requirement for rescue antiemetics within 5 days of HEC. Secondary 6 Korean Cancer Association This article is protected by copyright. All rights reserved. endpoints were CR, complete protection (CP; CR+nausea score < 25 mm; 0-100 mm), and total control (TC; CR + nausea score < 5 mm; 0-100 mm) in the acute (0-24 hours), delayed (D2-5), and overall (D0-5) periods; severity of nausea (determined using a 0-100 mm visual analog scale); time to first occurrence of vomiting; QOL assessed by the validated patient selfassessment Functional Living Index Emesis (FLIE) questionnaire [11] ; safety. During the overall period, patients recorded daily episodes of vomiting or retching, the degree of nausea, and the use of rescue medication in a diary and using the Rhodes Index of Nausea and Vomiting Form-2 (INV-2) [12] . Safety was evaluated based on clinical and laboratory adverse events (AEs) between the start day and the day before the next chemotherapy, assessed according to National Cancer Institute-Common Terminology Criteria for Adverse Events (NCI-CTCAE, ver. 4.03) [13].
FLIE measurement and scoring
FLIE includes 18 questions divided into two domains: nausea (questions 1-9) and vomiting (questions 10-18) [11] . The questionnaire was completed on D0 (reflecting daily-life activities before chemotherapy) and D6 (to provide information on the overall effect of CINV on dailylife activities during D1-5). The average score for each domain was summed and transformed using a pre-specified scoring procedure, which allowed for a minimum domain score of 6 and a maximum of 63. The chi-square test was used to compare the proportion of patients treated with RAM vs. PAL, with 'no impact on daily life' (NIDL) (i.e., individual question scores > 6 on the 7-point FLIE scale, domain score ≥ 54, overall FLIE score ≥ 108) assessed for the FLIE domains of nausea, vomiting, and combined (i.e., total score).
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Statistical analysis
The hypothesis was that the CR rate in the RAD arm during the overall period would not be inferior to the CR rate in the PAD arm. A sample size of 135 in each arm allowed an 80% power and one-sided α level of 0.025 to detect a CR non-inferiority difference of −15% between the RAD and PAD groups, assuming the actual CR in each group to be 77% and 77%, respectively. With an expected dropout rate of 15%, sample size was increased to 146 patients per arm.
Stratified block randomization was conducted with a 1:1 ratio between groups, randomly mixing block sizes of 2 and 4, considering (1) chemotherapeutic regimen (cisplatin vs. noncisplatin), (2) treatment schedule (single-day vs. multiple-day), and (3) sex (male vs. female), as stratification factors. Patients were assigned according to a pre-defined randomization sequence created by an independent investigator with no clinical involvement in the trial.
Effectiveness was calculated in the modified intention-to-treat population, defined as all patients randomly assigned to a treatment group having received at least one study treatment dose after randomization. Data were analyzed using SAS ver. 9.4 (SAS Institute Inc., Cary, NC).
The two groups were compared using the chi-square test, Fisher exact test, and Wilcoxon ranksum test, as appropriate.
Ethical statement
The study protocol was approved by the institutional review boards at the Seoul Saint 
Results
Patients
Between August 2015 and September 2017, a total of 309 patients were screened and 292 eligible patients were randomly assigned (1:1) to receive RAD or PAD ( Fig. 1 ). Patient characteristics, disease demographics, chemotherapeutic regimens, and administration schedules were well balanced between both arms (Table 1 ).
Efficacy
The overall CR rates of RAD and PAD were 81.8% and 79.6% (risk difference [RD], 2.2%; 95% confidence interval [CI], −7.1 to 11.4). RAD was non-inferior to PAD, as evidenced by CR rates in the acute, delayed, and overall periods (RD, 2.0%, 4.4%, and 2.2%, respectively) ( Table 2 , Fig. 2A ).
CP rates in RAD recipients were numerically lower than in PAD recipients, with efficacy differences in the acute, delayed and overall periods of −1.5%, −2.8%, and −2.3%, respectively ( 
Quality of Life
The total FLIE score with RAD (115.5±17.6) was comparable to that with PAD (114.8±16.7, p=0.745). The proportion of patients with FLIE score ≥108 (NIDL) in RAD (75.0%) was comparable to that in PAD (73.9%) (RD, 1.09; 95% CI, −9.32 to 11.49; p=0.838). The proportion of patients with FLIE score ≥54 in each of the nausea and vomiting domains in RAD was numerically higher than in PAD (72.2% vs. 65.9 % and 91.2% vs. 91.3%, respectively), but not statistically significant (p=0.267 and p=0.565, respectively) ( Table 3 ).
Adverse events
A total of 292 patients receiving RAD or PAD were evaluated in the safety cohort. Overall, no new safety signals were identified. Both RAD and PAD were well tolerated, with >90% of AEs mild or moderate ( Table 4 ). The most common hematologic and non-hematologic toxicities were neutropenia and anorexia, respectively.
Discussion
PAD is the standard regimen for controlling CINV in cancer patients receiving HEC. We conducted a prospective, multicenter, single-blind, randomized clinical study to prove the noninferiority of RAD vs. PAD for the control of HEC-induced CINV.
The distribution of patients between both treatment groups was well balanced by patientrelated and chemotherapy-related factors. The primary endpoint of the study was overall CR throughout 5 days post-HEC. The CR rate in PAD recipients, used as the reference arm, was comparable to rates in 1,453 patients who were randomized to PAD in seven randomized controlled trials (RCTs) for HEC-induced CINV [14] [15] [16] [17] [18] [19] [20] ; CR rates in the RCTs vs. our study were 86.6% vs. 93.7%, 73.4% vs. 79.6%, and 69.5% vs. 79.6% in the acute, delayed, and overall 10 Korean Cancer Association This article is protected by copyright. All rights reserved. phases, respectively (Table 5 ). Meanwhile, the overall CR rate (81.8%) with RAD was slightly higher than in our previous phase III study (77.1%) [21] , but comparable to that with PAD (79.6%). QOL with FLIE was very similar between RAD and PAD in terms of nausea, vomiting, and total score. In addition, the proportion of patients with FLIE score ≥108 (NIDL) in RAD was comparable to that in PAD. These results strongly support the hypothesis that RAD is noninferior to PAD, as evidenced by FLIE score as well as CR rates in the acute, delayed, and overall phases. CR, CP, and TC in RAD did not differ from those in PAD. The number of patients with a FLIE score in the nausea domain ≥54 was also higher with RAD than PAD although it was not statistically significant. Considering that the definition of CP allows a low level of nausea, unlike TC, the mechanism of action of RAM may be different from PAL. Previously, Japanese researchers reported that RAM had higher affinity for cloned human and rat 5HT3 receptors, as well as extremely slower dissociation from the human 5HT3 receptor compared with other 5-HT3RAs including alosetron and cilansetron [22] . Accordingly, there are two possible explanations about the conflicting results in our study: (1) RAM may have stronger binding to 5HT3 receptors present on enterochromaffin cells; (2) RAM may block the extramembrane domain of 5HT3 receptor binding to serotonin more effectively.
Subgroup analyses by age, gender, chemotherapy regimen, and tumor type, proved that RAD is non-inferior to PAD. Although the subgroup analysis is controversial regarding statistical significance due to some results exceeding the non-inferiority margin, RAD and PAD displayed distinct activities regarding different aspects of individual subgroups. Given the fact that cisplatin-containing HEC was administered for all lung cancer patients, RAM seems to be more effective for cisplatin-induced NV. Meanwhile, because non-cisplatin chemotherapy was given to all breast cancer patients, PAL seems to be more effective for non-cisplatin Korean Cancer Association This article is protected by copyright. All rights reserved.
chemotherapy-induced NV.
FLIE scores in the total, nausea, and vomiting domains with RAD were quite similar to those with PAD. Patients with a FLIE total score ≥108 (NIDL) and a FLIE score in the vomiting domain ≥ 54 were comparable between both groups, but the number of patients with a FLIE score in the nausea domain ≥ 54 was numerically higher in RAD than PAD. There is a possibility that the higher TC rate with RAD is reflected in a QOL benefit, with a correspondingly greater proportion of patients with NIDL due to more effective nausea control during the overall period. While this difference is small, it is encouraging that RAD has some potential to improve QOL.
In this study, no new safety signals were identified. More than 90% of AEs were mild or moderate in intensity. The incidence and duration of serious AEs or AEs was low and similar between both groups.
There are several study limitations. Firstly, because the study aim was to prove the noninferiority of RAD vs. PAD, subgroup analysis was not scheduled. Although subgroup analysis produced some degree of differences between both arms, some analysis results did not show statistical significance due to the small number of subjects. Secondly, FLIE questionnaire results were not been collected on day 2, reflecting QOL during the acute period. Delayed emesis negatively influences patient QOL during administration of HEC and beyond. Both 5HT3R antagonists demonstrated significant inhibition against HEC-induced CINV, but did not improve control of delayed nausea, indicating that unmet needs remain for novel antiemetics.
In conclusion, in all aspects of efficacy, safety, and QOL, our data suggested that RAD was The risk difference between the two arms was 2.2% (95% confidence interval [CI], -7.1% to 11.4%). (B) The risk difference between the two arms was -2.3% (95% CI, -13.9% to 9.4%). (C) The risk difference between the two arms was 3.8% (95% CI, -7.9% to 15.5%) using the generalized estimating equation model. HEC, highly-emetogenic chemotherapy; mITT, modified intention to treatment. Korean Cancer Association This article is protected by copyright. All rights reserved.
Fig. 2.
Complete response rate (A), complete protection rate (B), and total control rate (C) in intention-to-treat population (n=279) on a daily basis. There was no statistical significance by individual date. (A) The risk difference between the two arms was 2.2% (95% confidence interval [CI], -7.1 to 11.4). (B) The risk difference between the two arms was -2.3% (95% CI, -13.9 to 9.4). (C) The risk difference between the two arms was 3.8% (95% CI, -7.9 to 15.5) using the generalized estimating equation model. RAD, ramosetron, aprepitant, and dexamethasone; PAD, palonosetron, aprepitant, and dexamethasone.
